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Abstract 41 

Multiple sclerosis (MS) is a chronic inflammatory disorder of the central nervous system (CNS) 42 

characterized by demyelination and axonal injury. Current therapies that mainly target lymphocytes 43 

do not fully meet clinical need due to the risk of severe side effects and lack of efficacy against 44 

progressive MS. Evidence suggests that MS is associated with CNS inflammation, although the 45 

underlying molecular mechanism is poorly understood. Transient receptor potential melastatin 2 46 

(TRPM2), a Ca2+-permeable nonselective cation channel, is expressed at high levels in the brain and 47 

by immune cells, including monocyte lineage cells. Here, we show that TRPM2 plays a pathological 48 

role in experimental autoimmune encephalomyelitis (EAE), an animal model of MS. Knockout or 49 

pharmacological inhibition of TRPM2 inhibited progression of EAE, and TRPM2-knockout 50 

(TRPM2-KO) mice showed lower activation of Iba1-immunopositive monocyte lineage cells and 51 

neutrophil infiltration of the CNS than wild-type (WT) mice. Moreover, CXCL2 production in 52 

TRPM2-KO mice was significantly reduced at Day 14 although the severity of EAE was the same 53 

as that in WT mice at that time point. In addition, we used bone marrow chimeric mice to show that 54 

TRPM2 expressed by CNS-infiltrating macrophages contributes to progression of EAE. Since 55 

CXCL2 induces migration of neutrophils, these results indicate that reduced expression of CXCL2 56 

in the CNS suppresses neutrophil infiltration and slows progression of EAE in TRPM2-KO mice. 57 

Together, the results suggest that TRPM2 plays an important role in progression of EAE pathology 58 

and shed light on its putative role as a therapeutic target for MS. 59 

60 
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Significance statement 61 

Current therapies for multiple sclerosis (MS), which mainly target lymphocytes, carry the risk of 62 

severe side effects and lack efficacy against the progressive form of the disease. Here, we found that 63 

the transient receptor potential melastatin 2 (TRPM2) channel, abundantly expressed in 64 

CNS-infiltrating macrophages, plays a crucial role in development of experimental autoimmune 65 

encephalomyelitis (EAE), an animal model of MS. EAE progression was suppressed by knockout or 66 

pharmacological inhibition of TRPM2; this was attributed to a reduction in CXCL2 chemokine 67 

production by CNS-infiltrating macrophages in TRPM2-knockout mice, resulting in suppression of 68 

neutrophil infiltration into the CNS. These results reveal an important role of TRPM2 in the 69 

pathogenesis of EAE and shed light on its potential as a therapeutic target.70 
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INTRODUCTION 71 

Multiple sclerosis (MS) is a demyelinating disease of the central nervous system (CNS) and is 72 

thought to have an autoimmune etiology. This is supported by the clinical efficacy of 73 

immunomodulatory agents that prevent lymphocyte infiltration into the CNS (e.g., fingolimod, a 74 

sphingosine-1-phosphate receptor modulator, and natalizumab, a humanized monoclonal antibody 75 

against 4 integrin) (Steinman, 2014). However, severe adverse effects, such as severe infectious 76 

disease and progressive multifocal leukoencephalopathy (PML), can occur in patients receiving 77 

immunosuppressive therapies (Castro-Borrero et al., 2012). Although the etiology of PML in 78 

immunosuppressed patients is unclear, infection of the CNS by the JC virus is thought to be a risk 79 

factor; thus a reduction in T and B lymphocyte numbers in the CNS caused by immunosuppressive 80 

agents likely increases the risk (Beltrami and Gordon, 2014). Thus, other types of therapy are 81 

required. Recent studies focused on not only adaptive immune cells such as T cells and B cells, but 82 

also on innate immune cells such as macrophages and neutrophils, as cells that play a pathological 83 

role in MS and its animal equivalent, experimental autoimmune encephalomyelitis (EAE) (Mishra 84 

and Yong 2016; Prinz and Priller, 2017). Recent studies report that activation of monocyte lineage 85 

cells, such as macrophages and microglia, in the CNS is characteristic of MS and EAE (Farez et al., 86 

2009; Politis et al., 2012). However, emerging evidence indicates that neutrophils play an important 87 

role (Rumble et al., 2015; Pierson et al., 2016) as well as other inflammatory white matter disorders, 88 

such as neuromyelitis optica (NMO) (Lucchinetti et al., 2002; Juryńczyk et al., 2015). In this context, 89 

neutrophils in the blood of patients with MS as well as NMO show upregulated expression of 90 

adhesion molecules and increased migration, although their numbers are no different from those in 91 

healthy controls (Naegele et al., 2012; Hertwig et al., 2016). In line with these observations in 92 

human, neutrophil depletion ameliorates EAE clinical scores significantly in mice (McColl et al., 93 

1998). Given that neutrophils that infiltrate the CNS can cause extensive inflammation, 94 

demyelination, and axonal damage via production of cytotoxic mediators, inhibition of excessive 95 

neutrophil activation and migration into the CNS is important. However, the molecular relationships 96 

between activated monocyte lineage cells and infiltrating neutrophils, and the precise mechanisms 97 

that regulate EAE progression, remain unresolved. Moreover, there are no potential drug targets that 98 
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suppress CNS inflammation during EAE progression. 99 

 Transient receptor potential melastatin 2 (TRPM2), a Ca2+-permeable and nonselective cation 100 

channel, is expressed in the brain at high levels (Nagamine et al., 1998) and broadly by immune 101 

cells (Sano et al., 2001). TRPM2 harbors a Nudix box motif in its intracellular C-terminal tail and is 102 

gated by intracellular adenosine diphosphate (ADP) ribose (Perraud et al., 2001) and reactive 103 

oxygen species (ROS), including hydrogen peroxide (Hara et al., 2002; Kaneko et al., 2006). 104 

Previous studies focused extensively on the pathophysiological role of TRPM2 in immune cells. For 105 

example, TRPM2-mediated Ca2+ influx induces production of pro-inflammatory 106 

cytokines/chemokines by monocytes/macrophages, and exacerbates inflammation in ulcerative 107 

colitis (Yamamoto et al., 2008) and ischemic stroke (Gelderblom et al., 2014). We previously 108 

reported that TRPM2 expressed by microglia and macrophages aggravates peripheral and spinal 109 

pronociceptive inflammatory responses in mouse model of neuropathic pain (Haraguchi et al., 2012; 110 

Isami et al., 2013) and chronic cerebral hypoperfusion (Miyanohara et al., 2018), in which 111 

lipopolysaccharide/interferon (IFN) -induced TRPM2 opening results in inflammatory responses in 112 

microglia via the p38/JNK pathway (Miyake et al., 2014). Given that ROS production and 113 

endogenous TLR2/4 agonists, including HMGB1, in the CNS are increased in EAE (Sun et al., 114 

2015; Hasseldam et al., 2016), it is likely that TRPM2 expressed in monocytic lineage cells 115 

aggravates inflammatory processes in EAE. Here, we used wild-type (WT) and TRPM2-knockout 116 

(TRPM2-KO) mice to demonstrate that TRPM2 has an important role in regulating chronic 117 

inflammation in the CNS by reducing neutrophil infiltration via suppression of a major neutrophil 118 

chemoattractant, CXCL2.119 
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MATERIALS AND METHODS 120 

 121 

Mice 122 

All experiments were conducted in accordance with the ethical guidelines of the Kyoto University 123 

Animal Experimentation Committee and the guidelines of the Japanese Pharmacological Society . 124 

Female C57BL/6J mice (RRID: IMSR_JAX:000664) and TRPM2-KO mice (7–12 weeks old, 125 

18–22 g) were maintained in-house. TRPM2-KO mice were generated as reported previously 126 

(Yamamoto et al., 2008), and backcrossed with C57BL/6J mice for ten generations to eliminate any 127 

background effects on the phenotype. C57BL/6J mice and C57BL/6-Tg (CAG-EGFP) transgenic 128 

mice (GFP-transgenic mice) were purchased from Japan SLC. All experiments in this study used 129 

WT C57BL/6 mice purchased from Japan SLC as controls; control mice were domesticated for at 130 

least 1 week under the same conditions as TRPM2-KO mice. Mice were kept at a constant ambient 131 

temperature of 22  2 C under a 12 h light/dark cycle with free access to food and water. 132 

 133 

EAE induction and symptom evaluation 134 

EAE was induced as previously described (So et al., 2015). Briefly, mice were immunized 135 

subcutaneously with 100 μg myelin oligodendrocyte glycoprotein peptide 35–55 (MOG35-55) 136 

(Eurofins Genomics) in complete Freund’s adjuvant (Difco) containing 3 mg/ml Mycobacterium 137 

tuberculosis (H37Ra, Difco). Non-immunized control mice received saline. Mice also received 10 138 

μg/kg pertussis toxin (List Biological Laboratories) intraperitoneally on the day of immunization 139 

and again 48 h later. Mice were scored daily for clinical signs as follows: 0, no clinical deficit; 1, 140 

partial tail paralysis; 2, full tail paralysis; 3, partial hind limb paralysis; 4, full hind limb paralysis; 5, 141 

forelimb paresis; 6, dead. At Day 16, mice were randomized into treatment/vehicle groups and 142 

intraperitoneally injected with 10 mg/kg miconazole (LKT Laboratories) or vehicle (saline 143 

containing 1% DMSO and 2% Tween 80) on a daily basis until Day 28. 144 

 145 

Electron Microscopy 146 

Mice were deeply anesthetized with sodium pentobarbital (65 mg/kg body weight; Sumitomo 147 
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Dainippon Pharm). Next, saline was perfused through the ascending aorta, followed by 4% 148 

paraformaldehyde (PFA). The spinal cords were then removed and dissected. After post-fixing 149 

overnight at 4°C in 4% PFA/2% glutaraldehyde, the spinal cords were exposed to 1% osmium 150 

tetroxide in 0.1 M phosphate buffer (pH 7.4) for 2 h at room temperature, dehydrated by immersion 151 

in a series of graded ethanol solutions, and embedded in epoxy-resin (Luveak 812; Nacalai Tesque) 152 

according to the inverted beam capsule procedure. Samples were polymerized at 60°C for 3 days. 153 

Ultrathin sections were prepared on an ultramicrotome (EM UC6, Leica) and stained with uranyl 154 

acetate and lead citrate. Finally, sections were observed under a Hitachi H-7650 transmission 155 

electron microscope. Seven images obtained from each mouse were analyzed about axon number in 156 

a visual way and the mean result was regarded as an n=1 data. Four mice were used for statistical 157 

analysis. 158 

 159 

Flow cytometric analysis 160 

Mice were deeply anesthetized with sodium pentobarbital (65 mg/kg body weight, Sumitomo 161 

Dainippon Pharm) and euthanized. The spleen, the draining lymph nodes (inguinal and axillary), 162 

and spinal cord were then removed. Spleens and lymph nodes were homogenized through a 40 μm 163 

cell strainer and centrifuged at 500 × g for 5 min at 4°C. The cells were the suspended in red blood 164 

lysis buffer (eBioscience) and kept stationary for 5 min at room temperature. After centrifugation 165 

(500 × g; 5 min; 4°C), the cells were resuspended in FACS buffer (eBioscience) and counted. To 166 

obtain enough cells for flow cytometry analysis, spinal cords from three mice were pooled and 167 

homogenized through a 100 μm cell strainer. After centrifugation (500 × g; 5 min; 4°C), the pellet 168 

was resuspended in complete RPMI medium containing 1 mg/mL collagenase D (Roche) and 10 169 

μg/mL DNase I (Sigma-Aldrich) and incubated for 1 h at 37°C with gentle agitation. After 170 

centrifugation (500 × g; 5 min; room temperature), the pellet was resuspended in 5 mL of 70% 171 

Percoll (Sigma-Aldrich). Next, 5 mL of 40% Percoll were layered carefully on top of the cells 172 

(which were suspended in 70% Percoll) and then centrifuged at 600 × g for 20 min at room 173 

temperature with the brake off. The mononuclear cells were removed from the interface and 174 

centrifuged at 500 × g for 5 min at 4°C. After resuspension in FACS buffer, 1 × 106 were incubated 175 
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for 10 min at 4°C with Fc block buffer (BD Biosciences) and then stained with both PE-conjugated 176 

hamster anti-mouse CD3 (BD Biosciences) and FITC-conjugated rat anti-mouse CD4 (BD 177 

Biosciences) antibodies. Cells were then incubated for 20 min at 4°C. For intracellular staining, cells 178 

were fixed and permeabilized with FoxP3 Staining Buffer Set (Miltenyi Biotec) and stained with 179 

T-bet monoclonal antibody (Catalog No. 12-5825-82, eBioscience), ROR gamma (t) monoclonal 180 

antibody (Catalog No. 12-6981-80, eBioscience) and Foxp3 monoclonal antibody (Catalog No. 181 

17-5773-80, eBioscience) for 20 min at 4°C. After centrifugation (500 × g; 5 min; 4°C), the cells 182 

were resuspended in FACS buffer and analyzed using FACS Aria II flow cytometer and FACSDiva 183 

software (BD Biosciences). 184 

 185 

Histological examination 186 

Mice were deeply anesthetized with sodium pentobarbital (65 mg/kg body weight; Sumitomo 187 

Dainippon Pharm) and the ascending aorta perfused with saline followed by paraformaldehyde 188 

(PFA). Spinal cords were then removed and dissected. After post-fixing for 3 h in 4% PFA followed 189 

by cryoprotection overnight at 4°C in 15% sucrose, spinal cords were dehydrated with graded 190 

ethanol and xylene, embedded in paraffin, and cut into sections (5 μm thick) with a sliding 191 

microtome. Histological sections were stained with hematoxylin and eosin (H&E) or luxol fast blue 192 

(LFB) and examined by light microscopy (BZ-9000, KEYENCE). To quantify demyelination, 193 

spinal cords were embedded in the OCT compound, cut into 16 μm thick sections by a 194 

cryomicrotome (Leica) and stained with FluoroMyelin Green Fluorescent Myelin Stain (Invitrogen) 195 

and mounted with DAPI Fluoromount-G (Southern Biotech). The demyelinated and total areas of 196 

white matter were measured using Image J software (National Institutes of Health). The final % 197 

value for demyelination was calculated using the following equation list: Demyelinated area (%) = 198 

(Demyelinated area in white matter)/(Total white matter area) 100 (%). 199 

 200 

Immunohistochemistry 201 

Anesthetized mice were transcardially perfused with phosphate-buffered saline (PBS), and the 202 

lumbar spinal cord (L3–L5) was fixed in 4% PFA and embedded in the OCT compound. Coronal 203 
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sections (16 μm thick) were cut using a cryomicrotome (Leica), blocked with PBS containing 3% 204 

bovine serum albumin, and permeabilized with 0.1% Triton X-100 in blocking solution. Appropriate 205 

primary antibodies were added overnight (at 4 C) at the following dilutions: anti-CD3 (Catalog No. 206 

555273, rat IgG, 1:200; BD Biosciences), anti-Iba1 (Catalog No. 019-19741, rabbit IgG, 1:200; 207 

Wako), anti-GSTpi (Catalog No. 311, rabbit IgG, 1:200; MBL), anti-GFAP (Catalog No. Z0334, 208 

rabbit IgG, 1:200; Dako), anti-Gr1 (Catalog No. RB6-8C5, rat IgG, 1:200; R&D Systems), and 209 

anti-CXCL2 (Catalog No. AF452, goat IgG, 1:200; R&D Systems). Secondary antibodies were as 210 

follows: Alexa Fluor 594 (Catalog No. A11058, anti-goat IgG, 1:200; Life Technologies) and Alexa 211 

Fluor 488 (Catalog No. A21206, anti-rabbit IgG, and Catalog No. A21208, anti-rat IgG, 1:200; Life 212 

Technologies). Secondary antibodies were added for 1.5 h at room temperature. 213 

Immunofluorescence was visualized under a laser scanning confocal imaging microscope (Fluoview 214 

FV10i, Olympus). The number of CD3 and Gr1-immunoreactive cells and the intensity of the 215 

Iba1-immunofluorescent signal in the white matter of the spinal cord were quantified in 600 × 600 216 

μm2 fields using Image J software (National Institutes of Health), as previously described (Munakata 217 

et al., 2013). 218 

 219 

Quantitative real-time PCR 220 

Total RNA was extracted from the spinal cords (L3–L5) of EAE mice using the ISOGEN (Wako) 221 

method. Next, cDNA was synthesized using ReverTra Ace  qPCR RT Master Mix (TOYOBO). 222 

Real-time quantitative PCR was performed using the StepOne real-time PCR system (Applied 223 

Biosystems) with Power SYBR Green PCR Master Mix (Applied Biosystems) in a final volume of 224 

20 l, as previously described (Shirakawa et al., 2017). The following oligonucleotide primers were 225 

used: 5’-GCA ATT ATT CCC CAT GAA CG-3’ and 5’-GGC CTC ACT AAA CCA TCC AA-3’ for 226 

18s ribosomal RNA (18s rRNA); 5’-CGG AGC GGA CCA ACA GCA TCG TTT C-3’ and 5’-CAG 227 

GGT AGC CAT CCA CGG GCG GGT-3’ for Tbet; 5’-GGC AGA ACC GGC CCC TTA TC-3’ and 228 

5’-TGG TCT GAC AGT TCG CGC AG-3’ for Gata3; 5’-AAG CTG AAG GCA GAG ACA GC-3’ 229 

and 5’-TGT TCT GGT TCC CCA AGT TC-3’ for Rorc; 5’-CCT GGT TGT GAG AAG GTC TTC 230 

G-3’ and 5’-TGC TCC AGA GAC TGC ACC ACT T-3’ for Foxp3; 5’-ATG CCT GAA GAC CCT 231 
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GCC AAG-3’ and 5’-GGT CAG TTA GCC TTG CCT TTG-3’ for Cxcl2; and 5’-ACA GAC AAT 232 

GCC TGG ATC G-3’ and 5’-TGG ATC ATG AGT GTG CAG GT-3’ for Trpm2. The cycling 233 

conditions were as follows: 95 C for 10 min, followed by 35 cycles of 95 C for 15 s and 60 C for 234 

60 s. The results were analyzed using Primer Express software (Applied Biosystems). The identity 235 

of the PCR product was confirmed by automated determination of the melting temperature. The 236 

results for each gene were normalized to 18s rRNA levels, measured in parallel in each sample. 237 

 238 

Cytokine analysis 239 

After anesthetized mice were transcardially perfused with PBS, lumbar spinal cords (L3–L5) were 240 

harvested and homogenized in ice-cold homogenizing buffer (PBS containing 0.1% Triton X-100 241 

and 1% protease-inhibitor mixture). The homogenates were centrifuged to remove debris, and the 242 

protein concentration in the supernatant was measured using DC protein assay reagents (Bio-Rad). 243 

Cytokine levels in tissue homogenates were measured using a mouse cytokine ELISA kit (R&D 244 

Systems), according to the manufacturer’s instructions. 245 

 246 

Generation of bone marrow (BM) chimeric mice 247 

Homozygous TRPM2-/- male mice were crossed with GFP-transgenic female mice to produce 248 

GFP+ TRPM2+/- mice. GFP+ TRPM2+/+ (WT) mice and GFP+ TRPM2-/- (TRPM2-KO) mice 249 

were obtained by hetero-mating of GFP+ TRPM2+/- female and male mice to obtain suitable BM 250 

donor mice. BM transplantation was carried out as previously described (Isami et al., 2012; 251 

Miyanohara et al., 2018), with slight modifications. BM recipients were female 6-week-old 252 

C57BL/6J or TRPM2-KO mice. Recipient mice were lethally irradiated with 8 Gy total body 253 

irradiation for 10 min. GFP+ WT or TRPM2-KO donor mice were then euthanized by decapitation, 254 

the femurs were isolated, and both ends were cut and placed into a microtube. The femurs were 255 

centrifuged at 400 g for 10 min, and the pellet of GFP+ BM cells was suspended in sterile PBS. 256 

Between 3 and 5 h after irradiation, WT or TRPM2-KO recipient mice received 1.5 × 107 BM cells 257 

by intravenous injection into the tail vein. WT recipient mice received WT donor mouse-derived 258 

GFP+ BM cells (WT-BM→WT) or TRPM2-KO donor mouse-derived GFP+ BM cells 259 
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(TRPM2-KO-BM→WT), TRPM2-KO recipient mice received WT donor mouse-derived GFP+ 260 

BM cells (WT-BM→TRPM2-KO), and TRPM2-KO recipient mice received TRPM2-KO donor 261 

mouse-derived GFP+ BM cells (TRPM2-KO-BM→TRPM2-KO). All mice were housed in specific 262 

pathogen-free conditions with free access to autoclaved pellets and autoclaved water. After 6 weeks, 263 

female BM chimeric mice were used for EAE induction (age, 12 weeks). 264 

 265 

Experimental design and statistical analysis 266 

Statistical analysis was performed using Prism5 software (GraphPad Software Inc.; RRID: 267 

SCR_002798). Details of the procedures used for statistical analyses (including which tests were 268 

performed, exact P values, and sample sizes) and details about experimental design are provided in 269 

the results section or in the legend to each figure. Briefly, comparisons between multiple 270 

experimental groups were made using one-way or two-way ANOVA with Tukey’s or Dunnett’s 271 

post-hoc test as appropriate. For comparisons between a single experimental group and a control 272 

group, an unpaired Student’s t-test was used. P  0.05 was considered to be significant. Data are 273 

expressed as the mean ± SEM. The assessor was blinded to all treatments throughout the study. In 274 

the quantitative analysis of Figure 1, 3-5, each data point represents one sample (spinal cord section 275 

or extract) from one individual mouse. The number of animals used in each experiment is indicated 276 

in figure legends.277 
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RESULTS 278 

 279 

Knockout or pharmacological blockade of TRPM2 attenuates neurological impairment and 280 

pathological outcome of EAE 281 

To investigate the role of TRPM2 in MS, we first immunized WT and TRPM2-KO mice with 282 

MOG35-55 to induce EAE. Whereas WT mice gradually developed more severe EAE from the date 283 

of disease onset, TRPM2-KO mice were resistant. The day of onset was not different between WT 284 

and TRPM2-KO mice (Fig. 1A; P < 0.01, two-way ANOVA). To further differentiate pathological 285 

changes in EAE between both genotypes, we performed histologic analyses to examine 286 

inflammatory cell infiltration, demyelination and axonal damage in the CNS. The spinal cords of 287 

TRPM2-KO mice showed preservation of myelination within the outmost white matter, as 288 

demonstrated by LFB staining (Fig. 1B) and FluoroMyelin (Fig. 1D, E; P < 0.05, unpaired Student’s 289 

t-test) at Day 16, the peak time of the disease. Moreover, the number of inflammatory cells 290 

infiltrating the spinal cord of TRPM2-KO mice at Day 16 was lower than that in WT mice (Fig. 1C). 291 

The spinal cords of WT mice contained fewer axons than those of naïve mice; however, spinal cords 292 

from TRPM2-KO mice had more axons than those of WT mice (Fig. 1F, G; P < 0.05, unpaired 293 

Student’s t-test) at Day 21. Taken together, we observed less inflammatory cell infiltration, less 294 

myelin loss, and less axonal damage in spinal cords from TRPM2-KO mice. 295 

We next asked whether pharmacological inhibition of TRPM2 after induction of EAE has a 296 

beneficial effect on the clinical score. Miconazole, a US FDA-approved antifungal drug, effectively 297 

inhibits the TRPM2 channel (Togashi et al., 2008). To test the possibility that inhibition of TRPM2 298 

modulates clinical disability, we started administration of miconazole after onset of disease (Day 16 299 

post-immunization). We found that daily administration of miconazole (10 mg/kg, i.p.) throughout 300 

the chronic phase of the disease ameliorated disability in WT EAE mice when compared with 301 

vehicle-treated WT EAE mice (Fig. 2A; P < 0.01, two-way ANOVA). In addition, miconazole did 302 

not result in additional clinical improvement in TRPM2-KO EAE mice when compared with 303 

vehicle-treated TRPM2-KO EAE mice (Fig. 2B; P = 0.5403, two-way ANOVA), indicating that 304 

miconazole likely exerts its protective effects by targeting TRPM2. Miconazole administration 305 
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preserved myelin as assessed by FluoroMyelin (Fig. 2C) and LFB staining (Fig. 2D), and inhibited 306 

inflammatory cell infiltration (Fig. 2E) of the spinal cord, at Day 21. 307 

 308 

Knocking out TRPM2 has no effect on T cell function in the spinal cord, lymph nodes, and 309 

spleen of EAE mice 310 

As TRPM2 deficiency suppresses T cell proliferation induced by anti-CD3/CD28 in vitro (Melzer et 311 

al., 2012), we first investigated the effect of TRPM2 deficiency on T cell function in vivo under 312 

pathological conditions. We found that genetic deletion of TRPM2 had no effect on the increased 313 

number of CD3-positive cells infiltrating the spinal cord at the peak of disease, although the 314 

pathological phenotype was weaker in TRPM2-KO mice than in WT mice (Fig. 3A, B; WT vs. 315 

TRPM2-KO: P = 0.6693, Dunnett’s multiple comparison test). Next, to investigate whether TRPM2 316 

deficiency affects the function of helper and regulatory T cells in the lumbar spinal cord, we 317 

examined changes in mRNA encoding transcription factors specific for helper and regulatory T cells 318 

(Tbet in Th1 cells; Gata3 in Th2 cells; Rorc in Th17 cells; and Foxp3 in Treg cells). However, there 319 

was no significant difference in mRNA expression between the genotypes (Fig. 3C; Tbet, P = 320 

0.5296; Gata3, P = 0.8890; Rorc, P = 0.5847; Foxp3, P = 0.9851; unpaired Student’s t-test). To 321 

quantify T cell infiltration into the spinal cord more precisely, we conducted flow cytometric 322 

analysis of spinal cords of both genotypes at Day21. We observed no changes in the numbers if 323 

infiltrating CD3-positive (Fig. 3D) and CD4-positive (Fig. 3E) cells. Furthermore, when we 324 

assessed peripheral changes caused by genetic deletion of TRPM2, we did not observe any changes 325 

in the percentages of T cell subpopulations, namely T-bet in Th1 cells (Fig. 3F, G), ROR gamma (t) 326 

in Th17 cells (Fig. 3H, I) and Foxp3 in Treg cells (Fig. 3J, K), in the draining lymph nodes (Fig. 3F, 327 

H, J) and spleen (Fig. 3G, I, K) of WT and TRPM2-KO mice. 328 

 329 

Knocking out TRPM2 ameliorates the increased numbers of macrophages/microglia and 330 

neutrophils in the spinal cord of EAE mice 331 

During the pathogenesis of EAE, abnormally activated microglia increase their production of 332 

pro-inflammatory cytokines and chemokines, which promotes infiltration of the CNS by peripheral 333 
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leukocytes, including monocytes/macrophages and neutrophils (Mishra and Yong 2016; Prinz and 334 

Priller, 2017). To investigate the effect of TRPM2 deficiency on infiltration by activation of these 335 

immune cells, we next analyzed the immunohistochemical expression of Iba1, a marker of 336 

macrophages/microglia, and Gr1, a marker of neutrophils, in the spinal cord at Days 7, 14, 21, and 337 

28. From Day 14, both the immunoreactivity of Iba1 and the number of Gr1-immunopositive cells 338 

were higher in WT mice with EAE than in naïve mice, which is the time point when the clinical 339 

symptoms are already manifest. Immunoreactivity of Iba1 and the number of Gr1-immunopositive 340 

cells peaked at Day 21 and then settled down to a lower level, however, which is higher than the 341 

level observed in naïve mice at Day 28) (Fig. 4A–D). Iba1 immunoreactivity and the number of 342 

Gr1-positive cells in TRPM2-KO EAE mice were lower than those in WT EAE mice at Day 21 343 

(Iba1, P < 0.05; Gr1, P < 0.05; Dunnett’s multiple comparison test) and at Day 28 (Iba1, P > 0.05; 344 

Gr1, P < 0.05; Dunnett’s multiple comparison test), but not significantly different at Day 7 and 14 345 

(Fig. 4A-D). However, there was no difference in GFAP immunoreactivity, a marker of astrocytes, 346 

between the genotypes (data not shown). In addition, immunostaining for GSTpi, a marker of 347 

mature oligodendrocytes, revealed that TRPM2 deficiency had no effect on the number of 348 

oligodendrocytes present in the spinal cord during EAE disease (Fig. 4C, F), although the loss of 349 

myelin was less pronounced in TRPM2-KO mice than in WT mice.  These results indicate that 350 

activation of TRPM2 plays a role in progression, but not initiation, of CNS inflammation.  351 

 352 

Knockout of TRPM2 attenuates CXCL2 production and release at the early stage of disease  353 

Accumulating evidence suggests that pro-inflammatory cytokines and chemokines play key roles in 354 

the pathogenesis of EAE (Kothur et al., 2016). To investigate the effect of TRPM2 deficiency on the 355 

production and secretion of pro-inflammatory cytokines and chemokines, we analyzed levels of 356 

representative pro-inflammatory cytokines in the spinal cord by ELISA. Although at Day 7 357 

(pre-disease period), the level of IL6, IFNγ and IL1  in the spinal cord of EAE mice of both 358 

genotypes was undetectable (data not shown), the amounts of IL6, IFNγ and IL1  in the spinal cord 359 

of TRPM2-KO EAE mice at Day 14 (the early stage of the disease), were markedly increased but 360 

similar to that in WT EAE mice (Fig. 5A; IL6, IFNγ, IL1β, P > 0.9999; Bonferroni’s multiple 361 
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comparison test). Surprisingly, the amounts of CXCL2 in TRPM2-KO EAE mice were markedly 362 

lower than those in WT EAE mice (Fig. 5A; CXCL2, P < 0.01; Bonferroni’s multiple comparison 363 

test), although the EAE clinical scores for WT and TRPM2-KO mice at Day 14 were comparable, as 364 

shown in Fig. 1A. At Day 21 (the peak stage of the disease), the amounts of IL6, IFNγ and IL1  in 365 

TRPM2-KO EAE mice tended to be lower than those in WT EAE mice (Fig. 5B; IL6, P = 0.9610; 366 

IFNγ, P = 0.1356; IL1β, P = 0.1941; Bonferroni’s multiple comparison test). The absolute amount of 367 

CXCL2 at Day 21 was lower than that at Day 14 (WT Day 14: 95.81 ± 22.48 pg/mg protein, WT 368 

Day 21: 22.23 ± 7.90 pg/mg protein, P=0.0149; unpaired Student’s t-test); genetic deletion of 369 

TRPM2 tended to inhibit CXCL2 release (Fig. 5B). Similarly, marked inhibition of CXCL2 mRNA 370 

expression was observed at Days 14 and 21 (Fig. 5C; Day 14, P < 0.05; Day 21, P = 0.1838, 371 

Dunnett’s multiple comparison test). Moreover, expression of TRPM2 mRNA in the spinal cord of 372 

EAE mice was upregulated significantly at Day 14 (Fig. 5D; Naive vs. Day 14, P < 0.05; Naive vs. 373 

Day 21, P = 0.0554; Dunnett’s multiple comparison test). Taken together, these results suggest that 374 

upregulation of TRPM2 and the resulting production/release of CXCL2 precedes progression of 375 

EAE. 376 

 377 

TRPM2 expressed by macrophages drives the pathogenesis of EAE 378 

Production and secretion of CXCL2 by monocytes and macrophages is mediated mainly by the 379 

opening of TRPM2 channels; this mechanism underlies the pathophysiology of inflammatory 380 

diseases, such as neuropathic pain (Haraguchi et al., 2012) and ulcerative colitis (Yamamoto et al., 381 

2008). Therefore, we performed double fluorescent labeling experiments to investigate 382 

CXCL2-expressing cell types. We found that CXCL2 protein was expressed in a population of 383 

Iba1-positive cells (macrophages and microglia), but not in GFAP-positive cells (astrocytes) or 384 

CD3-positive cells (T cell lineages) (Fig. 6). Finally, we generated chimeric mice to determine 385 

whether endogenous CNS cells or CNS-infiltrating leukocytes are responsible for EAE induction. 386 

Irradiated WT and TRPM2-KO recipient mice were transplanted with WT or TRPM2-KO donor 387 

mouse-derived GFP+ BM cells to generate four types of BM chimeric mouse (WT-BM /WT 388 

recipient mice; WT-BM /TRPM2-KO recipient mice; TRPM2-KO-BM /WT recipient mice; and 389 
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TRPM2-KO-BM /TRPM2-KO recipient mice). Flow cytometry analysis revealed that >90% of 390 

the BM-derived cells in the blood of the chimeric mice had been replaced by GFP+ cells at 6 weeks 391 

post-BM transplantation, (Fig. 7A). TRPM2-KO-BM /WT recipient mice and 392 

TRPM2-KO-BM /TRPM2-KO recipient mice were resistant to EAE, whereas the EAE clinical 393 

score for WT-BM /TRPM2-KO recipient mice was the same as that for WT-BM→/WT recipient 394 

mice (Fig. 7B; WT-BM /WT vs. WT-BM /TRPM2-KO, P = 0.9444; WT-BM /WT vs. 395 

TRPM2-KO-BM /WT, P < 0.01; WT-BM /WT vs. TRPM2-KO-BM /TRPM2-KO, P < 0.01; 396 

two-way ANOVA). Furthermore, we performed immunohistochemical analysis of spinal cords from 397 

WT-BM /WT recipient mice and found that the majority of CXCL2-potive cells were Iba1- and 398 

GFP-positive, indicating that central deficiency of TRPM2 is not involved in the pathogenesis of 399 

EAE, and that it is TRPM2 expressed in macrophages, but not microglia, that contributes to the 400 

pathogenesis of EAE by secreting chemokines that attract neutrophils.401 
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DISCUSSION 402 

Here, we provide the first evidence that TRPM2 expressed by macrophages mediates CXCL2 403 

production and release in EAE lesions of the spinal cord, resulting in neutrophil infiltration into the 404 

CNS and aggravation of EAE pathology. This is supported by the following findings: (1) TRPM2 405 

deletion and TRPM2 inhibition led to a significant reduction in the EAE clinical score; (2) TRPM2 406 

deficiency had no effect on T cell infiltration into both peripheral tissues and CNS tissue, or on 407 

levels of mRNA encoding T cell-specific transcription factors in the spinal cord; (3) TRPM2 408 

deficiency led to a significant reduction in Iba1-positive cells and Gr1-positive cells in EAE lesions 409 

of the spinal cord; (4) TRPM2 deficiency led to a significant reduction in levels of CXCL2 at the 410 

early stage of disease; and (5) TRPM2-KO-BM /WT recipient mice and 411 

TRPM2-KO-BM /TRPM2-KO recipient mice were resistant to EAE, whereas the EAE clinical 412 

score in WT-BM /TRPM2-KO recipient mice was similar to that in WT-BM→/WT recipient 413 

mice. 414 

Many CXC chemokines act mainly on neutrophils, and many CC chemokines act mainly on 415 

monocytes. Of the known CXCL chemokines (systematically numbered from 1 to 15), CXCL1 and 416 

CXCL2 (and its homolog CXCL8 in humans) mainly attract neutrophils by binding to CXCR2 417 

receptors (Zlotnik and Yoshie, 2000). CXC chemokines and their specific receptors play roles in 418 

acute inflammation and in chronic inflammatory and autoimmune diseases like MS. For example, 419 

CXCL8 expression is upregulated in cerebrospinal fluid and serum of MS patients (Lund et al., 420 

2004; Ishizu et al., 2005;). IFNβ is used widely as a first-line treatment for MS; however, some 421 

patients are non-responders. Indeed, IFNβ-resistant EAE is highly related to expression of CXCR2 422 

and the lymphotoxin-beta receptor (LTβR), leading to production of CXCL8 (Mikami et al., 2014). 423 

In addition, peripheral blood mononuclear cells from patients with IFNβ-resistant MS show 424 

upregulated expression of CXCL8, CXCR2, and LTβR (Inoue et al., 2016). Moreover, genetic 425 

silencing of CXCR2 (Carlson et al., 2008), blockade of CXCR2 (Kerstetter et al., 2009), and 426 

neutrophil-specific gene deletion of CXCR2 (Liu et al., 2010) show that CXCR2 mediates the 427 

pathogenesis and pathology of EAE and related demyelination diseases. Antibodies that neutralize 428 

CXCR2 almost completely inhibit neutrophil infiltration into inflammatory sites, whereas 429 
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neutralizing either CXCL1 or CXCL2 only partially inhibits neutrophil infiltration (Tanimoto et al., 430 

2007). These findings are consistent with our own finding that Gr1-immunopositive neutrophil 431 

infiltration into the CNS of TRPM2-KO mice was largely suppressed while CXCL2 production in 432 

the spinal cord was markedly attenuated, suggesting that CXCL2 is a major chemoattractant for 433 

neutrophils in the EAE model. However, most studies, including those mentioned above, suggesting 434 

that suppression of neutrophil migration into the CNS inhibits progression of EAE report delayed 435 

EAE onset. This is probably because neutrophils induce disruption of the blood-brain barrier 436 

(Carlson et al., 2008). Here, we show that there was no delay in the onset of EAE in TRPM2-KO 437 

mice. The discrepancy between our results and those of others is unclear; however, it is plausible 438 

that CXCL2 may be produced and released during the progressive phase of EAE, a theory supported 439 

by the fact that CXCL2, but not CXCL1, is upregulated robustly after EAE onset (Carlson et al., 440 

2008). Taken together, the results suggest that TRPM2 on macrophages, which were activated by 441 

some kind of local inflammation after disease onset, exclusively mediates CXCL2 production, 442 

leading to further neutrophil infiltration and CNS demyelination.  443 

As described above, inhibiting CXCR2 attenuates the severity of EAE; however, some studies 444 

warn that completely inhibiting CXCR2 signaling and completely removing neutrophils may lead to 445 

a disappointing result. For example, CXCR2 signaling protects oligodendrocytes and restricts 446 

demyelination in a mouse model of viral-induced demyelination (Hosking et al., 2010), and CXCR2 447 

knockout mice show abnormal phenotypes (such as a poor ability to respond to environmental stress, 448 

low reproduction, and low body weight) (Semple et al., 2010) and exaggerated 449 

macrophage-dependent acute inflammatory responses (Dyer et al., 2017). In addition, systemic 450 

suppression of neutrophil activation and migration increases the risk of severe infections, including 451 

sepsis (Tavares-Murta et al., 2002). Thus, TRPM2 may be a good therapeutic target for preventing 452 

progression of MS because it can be activated locally within CNS lesions. In addition, inhibiting 453 

TRPM2 may reduce neutrophil infiltration into the CNS. 454 

It has become apparent that neutrophils are key player not only in acute inflammation, but also 455 

in chronic inflammatory diseases including MS (Caielli et al., 2012; Moliné-Velázquez et al., 2016). 456 

However, the pathophysiological contribution of neutrophils in MS patients is still a matter of 457 
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debate; neutrophils themselves are rarely found in the brain of MS patients (about four percent of 458 

MS patients) although are generally rich in the CNS tissue of NMO patients (about fifty-six percent 459 

of NMO patients) (Lucchinetti et al., 2002). On the other hand, the plasma levels of the neutrophil 460 

chemokines CXCL1, CXCL5 and neutrophil elastase correlates with clinical and radiological 461 

measures of CNS injury in MS (Rumble et al., 2015), and granulocyte colony-stimulating factor is 462 

upregulated in acute MS lesions (Lock et al., 2002). Neutrophils in the blood of patients with MS 463 

show upregulated expression of adhesion molecules and increased activation, such as migration, 464 

production of reactive oxygen species (respiratory burst) and degranulation, compared to healthy 465 

control, and it is also fact that those changes related to neutrophil functionality are more evident than 466 

those seen in NMO patients (Naegele et al., 2012; Hertwig et al., 2016). The reason why neutrophils 467 

themselves are rarely found in the autopsied brain of MS patients may be because the short-living 468 

and high turnover nature of neutrophils. Further investigation is warranted to elucidate neutrophil 469 

invasion into the CNS lesion during MS. 470 

It remains unclear which molecules activate TRPM2 on macrophages. The most feasible are 471 

ROS, which activate TRPM2 directly (Hara et al., 2002). In addition, increased ROS production in 472 

the CNS plays a role in the pathogenesis and progression of EAE (Choi et al., 2015; Hasseldam et 473 

al., 2016). In addition, ROS are produced locally and abundantly by microglia in the brain of MS 474 

patients, and infiltrating macrophages secrete NADPH oxidase and myeloperoxidase; these 475 

substances impose severe and chronic oxidative stress on oligodendrocytes and axons within the 476 

lesions (Mahad et al., 2015). In fact, edaravone, a well-known ROS scavenger, ameliorates the 477 

pathogenesis of EAE (Moriya et al., 2008). Since ROS-mediated physiological signals and 478 

defensive responses are necessary for homeostasis and health, long-term administration of ROS 479 

scavengers must be carried out with caution. Thus, unlike therapy for ischemic disease, the 480 

pathology of which is characterized by acute and marked oxidative stress, ROS scavengers are not a 481 

suitable therapy for chronic inflammatory diseases like MS. Another possible activator of TRPM2 in 482 

MS and EAE is the PARP-1 signaling pathway; ADP ribose within this pathway directly activates 483 

TRPM2 (Perraud et al., 2001). Free ADP ribose is generated in the cytoplasm, where it activates 484 

TRPM2 when PARP-1 is expressed to repair DNA damage induced by excessive ROS production 485 
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after ischemic injury (Shimizu et al., 2013). In additon, increased activation of PARP-1 in 486 

monocytes plays a pathological role in MS and EAE (Farez et al., 2009). According to this report, 487 

oxysterols (present at higher levels in the serum of MS patients than in that of healthy controls) 488 

activate microglia and macrophages, thereby inducing CNS inflammation via the TLR2-PARP-1 489 

axis. These results are concordant with our own results showing that inhibiting TRPM2 under 490 

inflammatory conditions suppresses activation of macrophages. Thus, it is feasible that higher levels 491 

of oxysterols activate TRPM2 in macrophages indirectly through the TLR2-PARP-1-ADP ribose 492 

axis in EAE. Therefore, we plan future studies to clarify whether excessive ROS production in the 493 

CNS activates TRPM2 directly or indirectly. 494 

While the EAE model (in which mice are immunized with the MOG35-55 peptide) is dependent 495 

on helper T cells, especially Th17 cells, we did not observe suppressed migration of helper T cells to 496 

the CNS of TRPM2-KO mice. This indicates that cells other than helper T cells drive the pathology 497 

of EAE in mice immunized with MOG35-55, which is in agreement with other reports examining 498 

macrophages/microglia (Zhou et al., 2015). Nevertheless, a recent report shows that TRPM2 499 

modulates T cell proliferation after T cell receptor stimulation (Melzer et al., 2012), although we 500 

demonstrated here that there were no differences in the percentages of T cells in secondary 501 

lymphoid organs, or in the level of T cell infiltration into the CNS, between WT and TRPM2-KO 502 

mice in vivo. The reason for the differences between our data and those presented in the 503 

above-mentioned study is unclear; it may be because the previous study demonstrated the interesting 504 

phenotype only in in vitro cultures. 505 

Of note, we showed that miconazole, a TRPM2 inhibitor (Togashi et al., 2008), suppresses 506 

progression of EAE pathology in WT mice, but does not affect the pathology of TRPM2-KO mice. 507 

Likewise, a recent report shows that administration of miconazole from the point of peak EAE 508 

severity leads to an improvement in pathology (Najm et al., 2015). In that paper, the authors suggest 509 

that miconazole acts directly on oligodendrocyte progenitor cells (OPCs) to promote remyelination. 510 

Since therapies that target lymphocytes are successful to some degree, research interest is shifting to 511 

therapies aimed at remyelination therapies; however, no study has detected TRPM2 expression on 512 

OPCs, and it is unclear whether TRPM2 is functional in these cells. Because we demonstrated that 513 
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the severity of EAE in chimeric TRPM2-KO mice was similar to that in WT mice, we consider that 514 

TRPM2 expression by OPCs will have a minor impact on the pathology of EAE, at least under our 515 

experimental conditions. Here, we observed that miconazole administration suppressed disease 516 

progression rather than inducing pathological recovery from the peak of disease (Fig. 2), implying 517 

that miconazole-mediated inhibition of TRPM2 suppressed inflammation in the CNS, thereby 518 

suppressing disease progression. To clarify whether TRPM2 is involved in remyelination, it would 519 

be better to use a cuprizone- or lysophosphatidylcholine-induced demyelination mouse model 520 

because they manifest the three distinct phases; the demyelination phase, the remyelination phase, 521 

and the remyelination complete phase (Miron et al., 2013; Berghoff et al., 2017). Thus, in future, we 522 

intend to examine remyelination in such WT and TRPM2-KO mouse models. 523 

In conclusion, we show here that knocking out of TRPM2 improves EAE severity without 524 

delaying disease onset by suppressing production of CXCL2 and inhibiting infiltration of 525 

neutrophils into the CNS. Moreover, pharmacological inhibition of TRPM2 with miconazole 526 

reduces EAE severity after onset. The cells responsible for producing CXCL2 in the CNS of 527 

chimeric mice are Iba1-positive monocytic cells, most likely macrophages. Thus, the TRPM2 528 

channel is a potential therapeutic target for MS, and TRPM2 antagonists may be a relatively safe 529 

and effective therapy for MS.530 
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Figure legends 695 

Fig. 1. EAE is less severe in TRPM2-KO mice 696 

(A) The mean clinical scores for WT and TRPM2-KO mice after induction of EAE using MOG35-55 697 

peptide and pertussis toxin (number of mice = 8–10). **P < 0.01 (two-way ANOVA, with Tukey’s 698 

multiple comparison test). (B, C) Representative images of lumbar spinal cord sections from 699 

immunized mice at Day 16. Sections were stained with LFB (B) and H&E (C) to visualize 700 

demyelination and immune cell infiltration. Dashed boxes indicate the area magnified in the image 701 

below. (D-G) Representative FluoroMyelin staining images (D) and quantitative analyses (E) of 702 

lumbar spinal cord at Day 16. Scale bar represents 200 m in panel D. Representative electronic 703 

microscope images (F) and quantitative analyses (G) of axons in lumbar spinal cord sections at Day 704 

21. Scale bar represents 10 m in panel F. Each data point was collected from a different animal. 705 

Four mice were used for statistical analysis. *P < 0.05 (unpaired Student’s t-test). Data are expressed 706 

as the mean  S.E.M. 707 

 708 

Fig. 2. Pharmacological blockade of TRPM2 prevents EAE development 709 

(A, B) Mean clinical scores for WT (A) and TRPM2-KO (B) mice receiving a daily intraperitoneal 710 

injection of the TRPM2 inhibitor miconazole (10 mg/kg) or vehicle (DMSO in saline) from Day 16 711 

to Day 28 ( number of mice = 5–10). Note that miconazole caused a significant reduction in the 712 

clinical score in WT mice, but had no significant effect in TRPM2-KO mice. (C–E) Representative 713 

images of lumbar spinal cord sections from immunized WT mice receiving a daily intraperitoneal 714 

injection of miconazole or vehicle at Day 21. Sections were stained with FluoroMyelin (C), LFB 715 

(D), and H&E (E) to visualize demyelination and immune cell infiltration. Scale bar, 200 m. **P < 716 

0.01 (two-way ANOVA, with Tukey’s multiple comparison test). Data are expressed as the mean  717 

S.E.M. 718 

 719 

Fig. 3. Knocking out TRPM2 has no effect on T cell infiltration into the spinal cord or on T 720 

cell population in secondary lymphoid organs 721 

(A) Representative images of lumbar spinal cord sections from immunized mice at Day 21 stained 722 
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with an anti-CD3 antibody. Scale bar, 200 m. (B) Quantitative analysis of the 723 

CD3-immunopositive cells shown in panel A (the number of sections = 3–6). (C) Quantitative 724 

real-time PCR to examine expression of mRNA encoding helper T cell lineage-specific transcription 725 

factors Tbet (Th1), Gata3 (Th2), Rorc (Th17), and Foxp3 (Treg). The relative amounts of mRNA 726 

extracted from lumbar spinal cords (at Day 21) were normalized against 18s rRNA (the number of 727 

spinal cords = 5–6). (D, E) Representative FACS data for detection of CD3- (D) and CD4-positive 728 

cells (E) from the spinal cord of naïve, WT EAE mice and TRPM2-KO EAE mice at Day 21 and 729 

cumulative quantitative analysis from 3-4 mice for each group about CD3- and CD4-positive rate or 730 

cell number. Singlet and live cells based on forward and side scatter were analyzed. (F–K) 731 

Representative FACS data for detection of helper T cell lineage-specific transcription factors, T-bet 732 

(F, G; Th1), ROR gamma (t) (H, I; Th17) and Foxp3 (J, K; Treg)-positive cells from the lymph 733 

node (F, H, J) and the spleen (G, I, K) of WT and TRPM2-KO EAE mice at Day 10 and cumulative 734 

quantitative analysis from 3 mice for each group about T-bet, ROR gamma (t) and Foxp3 positive 735 

rate. Singlet and CD4-positive live cells based on forward and side scatter were analyzed. Data are 736 

expressed as the mean ± S.E.M. 737 

 738 

Fig. 4. TRPM2-KO mice exhibit reduced macrophages/microglia activation and reduced 739 

neutrophil infiltration during the chronic phase of EAE 740 

(A–C) Representative sections of lumbar spinal cord from immunized mice, obtained at Day7, Day 741 

14, Day 21, and Day 28. Sections were stained with an anti-Iba1 antibody (A; 742 

macrophages/microglia), an anti-Gr1 antibody (B; neutrophils), and an anti-GSTpi antibody (C; 743 

oligodendrocytes). Scale bar, 100 m. (D–F) Quantitative analysis of Iba1-positive cells (D), 744 

Gr1-positive cells (E), and GSTpi-positive cells (F) (number of mice = 3–10). *P < 0.05 vs. WT. 745 

Data are expressed as the mean ± S.E.M. 746 

 747 

Fig. 5. Reduced cytokine production in the spinal cord of TRPM2-KO mice 748 

(A, B) Amounts of IL6, IFNγ, IL1β and CXCL2 in the lumbar spinal cord of WT and TRPM2-KO 749 

mice at Day 14 (A) and Day 21 (B) (number of spinal cords = 4–9). (C, D) Quantitative real-time 750 
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PCR analysis of the relative amounts of Cxcl2 (C) and Trpm2 (D) in the lumbar spinal cord. The 751 

amount of mRNA extracted from the lumbar spinal cord at Day 14 and Day 21 was normalized 752 

against 18s rRNA (number of spinal cords = 5–6). *P < 0.05 vs. WT (A–C) or Naive (D). Data are 753 

expressed as the mean ± S.E.M. 754 

 755 

Fig. 6. CXCL2 is primarily expressed by Iba1-positive cells in the CNS 756 

Representative lumbar spinal cord sections obtained from immunized mice at Day 14 and stained 757 

with anti-Iba1 (top) (macrophages/microglia), anti-GFAP (middle) (astrocytes), anti-CD3 antibody 758 

(bottom) (T cells), and anti-CXCL2 (center) antibodies. Images of anti-CXCL2 antibody staining 759 

are shown in the center panels, and merged images are shown in the right-hand panels. Scale bar, 20 760 

m. 761 

 762 

Fig. 7. TRPM2 in bone marrow-derived cells contributes to disease progression of EAE 763 

(A) Flow cytometry analysis of BM-derived cells in WT/TRPM2-KO BM chimeric mice. 764 

Representative histograms showing GFP+ cells in WT (upper, control) and BM chimeric mice 765 

(lower). More than 90% of BM-derived cells in all examined chimeric mice were GFP+. (B) Shown 766 

were the mean clinical scores of BM chimeras WT-BM→WT (open circles), 767 

WT-BM→TRPM2-KO (closed circles), TRPM2-KO-BM→WT (open squares), and 768 

TRPM2-KO-BM→TRPM2-KO (closed squares) after the induction of EAE (the number of mice = 769 

6–12). (C) Representative sections of lumbar spinal cord from immunized WT-BM→WT mice 770 

obtained at Day 14 and stained with an anti-Iba1 antibody (macrophages/microglia) and an 771 

anti-CXCL2 antibody. Scale bar, 10 m. 772 
















